ABSTRACT: The pathogenic fungus Batrachochytrium dendrobatidis (Bd) has caused declines of many amphibian populations, yet the full course of the epizootic has rarely been observed in wild populations. We determined effects of elevation, habitat, and aquatic index (AI) on prevalence of infection among Panamanian amphibians sampled along 2 elevational transects. Amphibian populations on the Santa Fé transect (SFT) had declined in 2002, while those on the El Copé transect (ECT) were healthy until September 2004. In 2004 we sampled Bd along both transects, surveying the SFT 2 yr after decline, and surveying the ECT 4 mo prior to the arrival of Bd, during the epizootic, and 2 mo later. Overall prevalence of Bd along the ECT increased from 0.0 (95% CI 0.00-0.0003) to 0.51 (95% CI 0.48-0.55) over a 3 mo period, accompanied by significant decreases in amphibian abundance and species richness in all habitats. Prevalence of infection on the ECT was highest along riparian transects and at higher elevations, but not among levels of AI. Prevalence of infection on the SFT was highest in pool transects, and at higher elevations, but not among levels of AI. Riparian amphibian abundance and species richness also declined at SFT following detection of Bd in 2002. Variation among species, microenvironmental conditions, and the length of coexistence with Bd may contribute to observed differences in prevalence of Bd and in population response.
INTRODUCTION
A growing number of emerging infectious diseases are contributing to the global loss of biodiversity (National Academy of Science 2001). Determining whether a host -pathogen relationship is new or old is the first step in understanding host -pathogen dynamics and designing effective conservation measures. Stable or coevolved host -pathogen systems typically involve enzootic pathogens, which are characterized by generally avirulent infections or a very low number of new infections per unit time (incidence), and a relatively constant proportion of infected individuals (prevalence). With enzootic pathogens, host extinction risk can be minimized in several ways: density of infected hosts is generally low, infection may be avirulent, hosts may have immunity or resistance (Swinton et al. 2002) , host behavior may reduce exposure to disease (Rowley & Alford 2007) , or the pathogen may have low transmissibility (Anderson & May 1992) .
Host population extinctions can occur when novel pathogens are introduced into naive populations, and are characterized by an exponential increase in prevalence of infection from very low to very high levels in a short time period. Pathogens that drive host populations to extinction often have mechanisms that increase the efficiency at which the pathogen spreads, and include high transmissibility, density-independent transmission, and the presence of biotic or abiotic reservoirs (de Castro & Bolker 2005) . Environmental changes may cause some enzootic pathogens to become epizootic by causing them to expand their dis-tribution into new areas, alter host behavior, or affect transmission rates (Gubler 1998 , Harvell et al. 2002 , Pascual et al. 2008 ).
Probability of host extinction is strongly influenced by the mode of transmission. Extinction is most likely when transmission is frequency-dependent because even at low densities behaviors such as territoriality, mating, habitat preferences, and other aggregative behaviors can facilitate transmission by maintaining high contact rates among remaining individuals (e.g. de Castro & Bolker 2005) . Theoretically, densitydependent transmission could cause host population extinctions if transmissibility were extremely high (Anderson & May 1992) . Host extinction usually does not occur under density-dependent transmission because at low host densities host -pathogen contact rates are decreased, leading to fade-out or extinction of the pathogen (Anderson & May 1981) .
Batrachochytrium dendrobatidis (Bd), is a fungal pathogen of amphibians that causes chytridiomycosis, an emerging infectious disease that has been studied in amphibians at both the enzootic (e.g. Retallick et al. 2004 , Woodhams & Alford 2005 , Kriger & Hero 2006 ) and epizootic , Rachowicz et al. 2006 stages. During Bd epizootics in Central America, this pathogen can cause ~80% reductions in amphibian abundance, and losses of 50% of species richness in < 5 mo . It is generally accepted (Daszak et al. 2000 , Skerratt et al. 2007 that Bd is an exotic pathogen that has been introduced around the globe (Morehouse et al. 2003) ; thus, sites where Bd is now enzootic likely experienced historic, unobserved epizootics (e.g. Pounds et al. 1997 .
Chytridiomycosis, the disease caused by Bd, is assumed to follow typical disease progression in which incidence and the density of infected and susceptible individuals varies over the course of an epizootic. Initial high density of susceptible individuals and low Bd prevalence is followed by exponential increase in Bd prevalence and high host mortality. Once Bd becomes enzootic the density of susceptible individuals is very low, and environmental and ecological interactions may regulate amphibian populations directly, or may affect them indirectly by influencing the growth and survival of Bd. For example, warmer or drier habitats (Ron 2005) are less favorable to survival of Bd, and may reduce transmissibility, infection prevalence, and pathogenicity of Bd. Temperature and moisture influence Bd survival in lab cultures (Piotrowski et al. 2004) , severity of infection in laboratory challenges (Woodhams et al. 2003) , and prevalence of infection in nature (Retallick et al. 2004 , Woodhams & Alford 2005 , Kriger & Hero 2007 . Additionally, pathogenicity of Bd may vary among species of amphibians (Nichols et al. 2001 , Davidson et al. 2003 , Daszak et al. 2004 . Where Bd is enzootic, amphibian communities are likely comprised of individuals in which Bd has low pathogenicity or that have avoided becoming infected by Bd (e.g. Harris et al. 2006 , Rachowicz et al. 2006 .
Our objectives were to compare prevalence of Bd infection at pre-epizootic, epizootic, and enzootic stages of Bd occurrence from multiple habitats along 2 elevational transects in central Panama. Based on disease theory and previous patterns of population decline at other sites (e.g. Lips et al. 2003b) , we predicted that the highest prevalence of Bd infection would be found during the epizootic stage, in upland (> 500 m) riparian areas, and in those species with the greatest use of aquatic habitats over their lifetime. Understanding differences in prevalence among habitats and species of different ecologies may help determine how we manage infected populations and prevent future spread.
MATERIALS AND METHODS
Study sites. We established 2 parallel elevational transects, each oriented on a south-north axis along 2 paved roads that began at the intersection with the Interamerican Highway ( Fig. 1) and which terminated within a national park located on the Continental Divide. Each transect was named after the largest town nearest the 2 contiguous national parks at the upper terminus of each transect. The 2 parks are ecologically similar and represent 2 points (epizootic, enzootic) along a chronosequence of pathogen invasion. Amphibian surveys began at both sites in 1998; Santa Fé experienced a die-off in 2002, and amphibians at El Copé experienced a die-off in 2004. We invested the greatest amount of survey effort at El Copé where research facilities were available, and made short trips to Santa Fé yearly to evaluate the status of amphibians at that site. We report results from Santa Fé for comparative purposes, although sample sizes prevented complete statistical analyses in many cases.
We used visual encounter surveys (VES) (Lips et al. 2001) to quantify amphibian abundance and species richness and to obtain skin swabs to test for Bd in amphibians along 13 sub-transects located along the El Copé transect (ECT), and conducted identical sampling of frogs and fungus along 7 sub-transects located along the Santa Fé transect (SFT). For every individual amphibian we collected the same morphological and ecological data: species, snout-vent length (SVL), mass, location along the transect, perch height, and perch substrate. We determined GPS coordinates and elevation at the midpoint of each transect with a GPS 12 Personal Navigator (Garmin TM ), or extrapo-lated the position from reference points taken along the road.
El Copé, Coclé Province, Panama (ECT): The ECT was ~25 km in length, and began at 80 m elevation at a site 5 km north of the intersection of the El Copé road and the Interamerican Highway (8°34.246' N, 80°35.217' W). The ECT passed through the town of El Copé, Coclé Province, Panama at approximately 300 m elevation, and terminated on the Continental Divide at 760 m elevation in Parque Nacional Division General Omar Torríjos Herrera (PNOT; 8°40' N, 80°37.62' W). PNOT covers 25 275 ha over an elevational range of 500 to 1300 m and is situated along the Continental Divide of the Cordillera Central. The ECT passed through a variety of habitats from lowland dry forest at lower elevations to tropical moist forest at the higher elevations of PNOT (Holdridge 1967) , which provided environmental variation to compare patterns of Bd infection prevalence among habitats. We surveyed transects in 3 watersheds: (1) the Río Grande (Carmencita's Stream) and (2) the Río Colorado (Car Wash, Sofia's, and Bridge Streams) which merge below the town of El Copé and flow into the Pacific Ocean, and (3) the Río Guabal (all 4 streams within PNOT), which drains northward into the Atlantic Ocean. ). We microscopically examined (400×) unstained, wet-mounted, formalin fixed, epidermal tissue from the hands and feet of 318 of the 442 individuals for the presence of Bd thalli and sporangia (Appendix 1). The PCR assay was not commercially available until 2003, so to determine whether Bd was present at ECT prior to 2004 we used histology to examine museum specimens for the presence of Bd . We examined 146 preserved museum vouchers collected from this site between 2000 and 2003 ; these have been deposited in the Southern Illinois University Wet Vertebrate Collection (Appendix 1).
Santa Fé, Veraguas Province, Panama (SFT): Parallel to the ECT and located approximately 50 km to the west, the SFT was ~60 km in length, and began 5 km north of the town of Santiago, Veraguas, Panama ( Fig. 1; 8°30 .836' N, 81°6.862' W). The SFT encompassed a similar range of elevations and habitats as the ECT, passing through the town of Santa Fé and terminating within Parque Nacional Santa Fé (PNSF; 8°31.907' N, 81°8.980' W).
We have been visiting Santa Fé annually since 1998 as part of an ongoing study into the patterns of amphibian declines in Latin America. Because of the lack of facilities and difficult access, sampling effort at PNSF was not as intensive as that at PNOT, and was designed only to detect major changes in amphibian abundance. In 1998 and 1999, we surveyed diurnal stream transects for 1 brightly colored indicator species (Atelopus varius) over a few days. Between 2000 and 2003, we continued those diurnal surveys, but added nocturnal surveys along one 3 km terrestrial transect, and along three 400 m riparian transects. We calculated survey effort (captures m -1 p -1 : p = person) for the 2 transects surveyed continuously between 1998 and 2004.
To determine whether Bd had been present at SFT prior to the observed die-off in 2002, we used histology Statistical analyses. We used repeated measures trend analysis (Sokal & Rohlf 1995) to test the hypotheses that Bd infection prevalence would increase and that relative abundance of amphibians would decrease, over the course of a chytridiomycosis epizootic. We analyzed trends in monthly averages for these 2 variables for amphibians sampled bimonthly between January 2004 and February 2005 within PNOT. This analysis was not possible for any other site because sampling was conducted at uneven intervals, too infrequently, or without replication. However, we summarize amphibian abundance and species richness for each site (see Table 4 ). We calculated Bd infection prevalence and 95% Clopper-Pearson binomial confidence intervals (CI) for all species sampled along each gradient.
We then performed logistic regression analysis (Sokal & Rohlf 1995) on data from each of the 2 transects to evaluate the effects of elevation, aquatic index (AI), and habitat on the prevalence of infection. For each capture we categorized elevation as high (> 500 m) or low (< 500 m), habitat as either terrestrial, pool/puddle, or riparian, and AI as a continuous variable between one (completely riparian) and 3 (completely terrestrial) that described the average level of aquatic habitat use over a species' lifetime (see Lips et al. 2003b ). Main-effect variables were excluded from the model if they were not significant predictors of the prevalence of infection (Hosmer & Lemeshow 2000) . Interactions among variables were then individually included in the model to test for significant pair-wise interactions. Finally, we tested for overall model significance (chi-square test), and fit of observed data to predicted values (goodness-of-fit, Hosmer & Lemeshow 2000) .
RESULTS

Santa Fé transect
Pre-epizootic All 62 museum specimens collected at PNSF in 1978 were negative for Bd (0.00, 95% CI 0.00-0.06). In July 1998 no abnormalities associated with either Bd or iridovirus were found in histological examinations of the 30 tadpoles (4 species), and 48 adult (15 species) amphibians from Santa Fé (D. E. Green pers. comm.). In July 2001 we examined 34 tadpoles belonging to 4 species and found none with obvious losses of mouthparts, although none were examined histologically. All 12 amphibians collected in 2002 were negative for Bd (0.00, 95% CI 0.00-0.26). Bd likely invaded PNSF in December 2002, when it was drawn to our attention by E. Toríbio, a local naturalist, who sent K. R. Lips an email describing 16 dead Atelopus varius from a stream adjacent to the Quebrada Tigre transect. Amphibian species richness showed no major changes until 2002, although between 1998 and 2004 the density of amphibians declined significantly on the 2 main survey transects (R 2 = 0.6967, y = -0.0071x + 14.167; Table 1 ).
Epizootic
In 2003 we made 3 separate trips to PNSF over a 4 mo period and ran the same 2 diurnal and 1 nocturnal transects; amphibian captures declined from 50 individuals in July, to 11 in August and 14 in October. In July 2003, we noted a major reduction in overall amphibian abundance. We returned in August and found 1 dead Pristimantis museosus and 1 dying Ecnomiohyla miliaria that were both heavily infected with Bd. At this time, tadpoles of Lithobates warszewitschii were still numerous, but 11 of 14 individuals examined had some degree of mouthpart loss. We found only one other species of tadpole (Hyloscirtus palmeri), and it too was missing mouthparts. At least 5 species were missing in 2003 that had been regularly encountered before: Craugastor punctariolus, Hylomantis lemur, Cochranella albomaculata, Gastrotheca cornuta, and Silverstonei flotator. In the case of Atelopus varius and H. palmeri, the last individuals found were all females. Of the amphibians collected in 2003, 10 of 13 adults were positive for Bd (prevalence = 0.77; 95% CI = 0.46-0.95), and Bd prevalence in tadpoles was 0.20 (0.04-0.28).
Enzootic
In July 2004, we encountered only 13(31%) of the 42 resident species (Table 2) ; only 2 species (6 adults and 18 tadpoles) were found in riparian habitats. Most captures (86%) and species were found in either terrestrial or pool/puddle habitats. Of the 13 species sampled along the SFT in 2004, individuals of 4 species with low sample sizes (Cochranella albomaculata, Dendrobates auratus, Craugastor crassidigitus, and Leptodactylus mystacinus) were negative for Bd. Populations of the 9 more abundant species (N ≥ 4) were all infected with Bd. Only D. microcephalus, Lithobates pipiens sp. 'E', L. warszewitschii, and Smilisca phaeota had adequate sample sizes (N ≥ 20) to estimate the prevalence of infection and obtain reasonable 95% CI. At elevations > 500 m, the most abundant species were L. pipiens sp. 'E' (21% of captures; 0.74 prevalence, 95% CI = 0.57-0.87), S. phaeota (18%; 0.12, 0.03-0.28), and L. warszewitschii (12%; 0.23, 0.08-0.45). At elevations < 500 m, all captures were of D. microcephalus (33%; 0.21, 0.12-0.24) found in the Santiago Marsh sub-transect. In total, Bd infected 69% of amphibians sampled along the SFT (Table 3) .
Both habitat and elevation -but not AI -influenced Bd prevalence on the SFT (Table 4) and there were no significant interactions. The overall model was highly significant (Table 4) , and the Hosmer and Lemeshow (2000) goodness-of-fit test (χ 2 = 0.6651, df = 5, p = 0.9848) indicated adequate model fit. Coefficient estimates indicated that, during the enzootic stage, Bd infection prevalence was highest in terrestrial habitats, followed by pool and puddle habitats, and lowest in riparian habitats, which differed from the pattern of infection described for the epizootic at PNOT. Amphibians found at higher elevations were more likely to be infected than those at Odds-ratio estimates were 0.530 (95% CI = 0.23-0.12) for pool/puddle versus terrestrial habitats and 0.21 (0.06-0.68) for stream versus terrestrial habitats, which means that amphibians found in terrestrial habitats were twice as likely to be infected as those in pool/puddle habitats, while amphibians captured in pool/puddle habitats were 5 times more likely to be infected than riparian captures (Table 4 ). The odds-ratio estimate for elevation was 3.15 (1.33-7.46), indicating that amphibians captured at higher elevations were 3 times more likely to have been infected than amphibians from lower elevations (Table 4) .
El Copé transect
Pre-epizootic Amphibian richness and abundance was high prior to the first detection of Bd; this was followed by a rapid and large-scale reduction in abundance and richness immediately following the first positive test for Bd in September 2004 ). Between January and September 2004 the average annual densities of pre-epizootic riparian amphibian populations were 0.10 to 0.25 captures m -1 p -1 (Fig. 2a) , which was comparable to historic levels (e.g. ). All 146 individual amphibians collected between 1998 and 2004 prior to observed die-offs in 2004 and examined using histology were negative for Bd (Appendix 1), as were the 1420 swabs collected from live frogs (prevalence = 0.00, 95% CI = 0 -0.003; Lips et al. 2006 (Fig. 2a) , describing an epizootic pattern of disease progression. Changes in disease prevalence and amphibian density on terrestrial transects were lower than those for riparian transects (Fig. 2b) although statistical analyses were not possible because data were not collected at regular intervals.
Along the ECT, Bd infected individuals in all habitats, at all elevations, at 13 of 14 sub-transects, in 24 of 26 (92.3%) species with sample sizes > 5, and in 41 of 53 (76.5%) of all species regardless of sample size (Table 3) . Riparian species declined faster than terrestrial species ). Bd was not present at lower elevation sites at the first sampling date in May 2004, but was present at all but one of these sub-transects by December 2004. Bd infection prevalence in riparian amphibian populations increased from 0 to > 50% within 3 mo (Fig. 2a) , but this increase was less severe in terrestrial populations over the same period (Fig. 2b) . Logistic regression revealed significant effects of elevation and habitat, but not AI, on Bd infection prevalence (Table 5 ). The overall model was highly significant (Table 5 ) and the Hosmer and Lemeshow (2000) goodness-of-fit test was non-significant (χ 2 = 9.5117, df = 5, p = 0.09) indicating adequate fit of observed data to values predicted from the logistic regression model. No pair-wise interactions among habitat, elevation, or AI were detected.
Bd was found at all elevations, from 80 to 760 m, although odds-ratio estimates indicated that amphibians sampled at elevations over 500 m were 9.1 (95% CI = 6.4-13.0) times more likely to be infected than amphibians sampled below 500 m, that amphibians encountered in riparian habitats were twice as likely to be infected with Bd as those captured from pool and puddle habitats (2.03, 0.75-5.50), and that amphibians captured in pool and puddles habitats were 5 times (0.23, 0.08-0.65) more likely to be infected than those captured from terrestrial habitats. Thus, amphibians encountered in riparian habitats were approximately 10 times more likely to be found infected than those in terrestrial habitats (Table 5) .
Prevalence estimates among riparian amphibian species were generally high, ranging from 0.22 
DISCUSSION
The general pattern of disease progression was similar at both sites, with initially high abundance of amphibians in all habitats followed by the arrival of Bd at the site and subsequent die-offs and declines in amphibian populations as Bd infection prevalence and disease-induced mortality increased. This supports the conclusion that Bd is an exotic pathogen (Skerratt et al. 2007 ) invading these and other naive amphibian communities (e.g. Las Tablas, Costa Rica, Lips et al. 1998; Fortuna, Panama, Lips 1999 ; Las Cruces, Costa Rica, Lips et al. 2003a ; southern Mexico, Lips et al. 2004 ; Braulio Carrillo National Park, Costa Rica, in upland areas of the Neotropics , and likely Australia (Laurance et al. 1996) .
Epizootic stage of infection
We found high prevalence of Bd in many species of amphibians across a broad range of elevations and habitats. Early reports focused on the rapid declines and die-offs of riparian amphibians at upland sites (Richards et al. 1993 , Laurance et al. 1996 , Lips 1998 , Lips et al. 2003b , but additional studies have verified that Bd infects terrestrial species and amphibians at lower elevations (Bell et al. 2004 , Burrowes et al. 2004 , Beard & O'Neill 2005 .
The presence of multiple biotic (e.g. tadpoles, adults of less vulnerable species) and abiotic reservoirs (e.g. moist substrates) in tropical cloudforest sites may maintain high levels of Bd in the environment and can facilitate transmission among remaining hosts (Haydon et al. 2002 , de Castro & Bolker 2005 and may contribute to the ability of Bd to cause species extinctions through density-independent pathways. Biotic reservoirs likely exist in most areas either because some hosts carry avirulent infections, or because warmer and/or drier environmental conditions reduce the pathogenicity of Bd.
The broad host and habitat range of Bd likely contributes to the overall density of infected individuals, and eventually the buildup of zoospore abundance within and among individuals at a site, increasing the potential for a severe epizootic (Briggs et al. 2005) . The rapid increase in prevalence of Bd at El Copé immediately after first detection suggests that it is highly transmissible. Transmission dynamics for Bd are not known, but Bd persists in the environment for days or weeks under natural conditions , M. J. Parris pers. comm.), and many species at El Copé overlap in habitat use (Witters 2000) , so amphibians may become infected when they occupy any moist habitat that can support zoospores .
Not all species are equally affected (e.g. Lips et al. 2003b) . As with all host -pathogen systems, interactions among Bd, amphibian host species, and their environments likely determine the various patterns of infection prevalence and disease. During the epizootic, Bd infection prevalence increased more rapidly in riparian areas than in surrounding terrestrial areas, suggesting that pathogen transmission rates are highest in riparian areas.
Four hypotheses might explain more rapid transmission in riparian habitats. The first is that riparian amphibians occurred at higher densities, facilitating rapid density-dependent transmission (e.g. Lips et al. 2006) . In this scenario, density-dependent transmission occurs during the early stages of an epizootic, through direct contact or by indirect transmission through the environment (Anderson & May 1981) . Once Bd becomes enzootic the density of uninfected individuals is too low to sustain Bd through density-dependent transmission alone, but even at low amphibian density Bd may continue to be transmitted through densityindependent contact such as amplexus, territorial defense, habitat preferences, and other aggregative behaviors. There was no evidence that density affected the prevalence of chytridiomycosis in an assemblage of Australian rainforest frogs where Bd had become enzootic (Woodhams & Alford 2005) , but this hypothesis was tested using a post-epizootic amphibian population, where pre-epizootic density was likely much higher. The second hypothesis is that the rapid transmission among riparian amphibians results from earlier arrival of Bd in streams as compared to terrestrial habitats, and that prevalence in terrestrial habitats lags behind that of riparian habitats. This is supported by the complete disappearance of Craugastor punctariolus (Ryan et al. 2008) and Colostethus panamensis (K. R. Lips unpubl. data), 2 obligate riparian species, within 4 mo of the arrival of Bd at El Copé. The third, untested hypothesis is that as a group, individuals comprising the terrestrial amphibian community are less susceptible to infection. Preliminary results show that species of El Copé amphibians vary in the number, type, and amount of antimicrobial peptides (Woodhams et al. 2006) , and thus in their ability to resist or eliminate Bd infection. Bacteria present on the amphibian epidermis may also inhibit Bd through the exogenous production of antimicrobial peptides (Harris et al. 2006) ; if terrestrial amphibians as a group shared similar epidermal microbial fauna as an evolutionary response to similar environmental agents then they may be less susceptible as a group. Other innate immune functions of amphibians are not well known regarding protection against Bd infection, but phylogenetic similarities of immune function may affect infection prevalence in nature. The fourth hypothesis is that the terrestrial environment is less competent as an environmental reservoir because it is drier and warmer than riparian habitats. A related issue is that the dry season begins in December at El Copé, and that this might have reduced transmissibility or pathogenicity of Bd at this time. Further research is needed to determine which of these factors affect transmission in wild populations. Temperature and moisture influence the fate of amphibian populations by affecting the rate of spread and probability of persistence of Bd once it is enzootic (e.g. Berger et al. 2004 , Woodhams & Alford 2005 , Kriger & Hero 2006 ), but it is not known what role, if any, these factors play during the epizootic stage of disease. We quantified variation in prevalence of Bd among populations of Colostethus panamensis across an elevational gradient, and attributed that to differences in microclimate, population connectivity, or time since invasion by Bd. With our data we cannot distinguish between the possibility that Bd invaded populations at all elevations simultaneously but that less favorable growth conditions at lower elevations reduced pathogenicity and incidence of infection there, or the possibility that Bd first arrived at higher elevations and secondarily infected lower elevations. Additional research is needed to identify geographic patterns and modes of transmission of Bd and to document with greater resolution the timing and pathway of the arrival of Bd among elevations, habitats and species.
Enzootic stage of infection
On the SFT, Bd was prevalent among amphibian populations in all habitats, and at all elevations, with highest prevalence at higher elevations. Compared to the ECT, patterns of infection along the SFT were similar with regards to elevation although we had few samples from mid-and low elevations. Bd prevalence was generally greater at higher elevations than at lower elevations, likely a result of cooler temperatures at higher elevations (e.g. Ron 2005 , Woodhams & Alford 2005 . Habitat also influenced prevalence of infection on the SFT, although the habitat with the greatest prevalence differed from that on the ECT. During the epizootic at ECT, the prevalence of Bd was highest in riparian areas, but because abundance of riparian amphibians along the SFT was much reduced, the pathogen load was likely much reduced. Instead, along the SFT, pool habitats had the highest abundance of amphibians and the highest prevalence of Bd, suggesting that pond hydrology, exposure to sunlight or ultraviolet radiation, or higher and more variable water temperatures might limit growth and/or infection level of Bd in this amphibian community. The shift from riparian to pool habitats as the primary infection site during the course of the epizootic suggests that Bd requires abundant amphibian populations to sustain high levels of infection in an area, and in Central America such conditions only occur in post-epizootic pool habitats.
Species differences might also have influenced enzootic patterns of infection along the SFT. Species inhabiting pools might be less susceptible to infection because of differences in antimicrobial peptide activity (e.g. Woodhams et al. 2006) , population connectivity (e.g. Robertson et al. 2008) , or behavior (Rowley & Alford 2007) . Pool species tend to be generalists with broad geographic and elevational ranges, traits that have been associated with high mobility, and with immune systems adapted to deal with a wider range of pathogens (Altizer et al. 2003 Haydon et al. 2002) . These species have broad elevational ranges (most encompassing 0 to 2500 m elevation), high dispersal capability (Savage 2002 , Wells 2007 , and pathogenicity of Bd in these species is low based on simultaneously high Bd infection prevalence and amphibian abundance. Dispersing individuals of these species may spread Bd among habitats and elevations, and will also limit recovery of more sensitive species. Alternatively, these frogs with high prevalence of Bd might have been recent immigrants to SFT from lowland populations, although we did not conduct mark-recapture or genetic studies to distinguish between these 2 possibilities.
Overall patterns
Differences in prevalence may be a result of differences among amphibian species (e.g. Woodhams et al. 2006) , differences among strains of Bd (e.g. Morgan et al. 2007 ), environmental differences (Ron 2005) , or perhaps a longer co-evolutionary history of Bd and amphibians among sites. For example, we noted a decrease in prevalence over time for enzootic populations with known dates of decline. In Panama, we found that the prevalence of Bd 2 yr post-epizootic was 0.69 along the SFT, and 4 mo post-epizootic along the ECT it was 0.49 to 0.56 ). These were higher than the 0.15 (Woodhams & Alford 2005) , 0.27 (Kriger & Hero 2006) , and 0.18 to 0.28 (Retallick et al. 2004 ) prevalence reported for tropical Australian amphibians with enzootic infections, all of which were sampled ≥8 yr post-decline.
Our results agree with the supposition that most montane amphibians may be threatened with Bd, that upland populations of some species persist post-decline (Retallick et al. 2004 , Kriger & Hero 2006 , and that some low elevation populations may exist with high levels of infection at relatively high abundance (Kriger & Hero 2006) . Species that occur at both upland and lowland sites and for which Bd has low pathogenicity may function as both reservoirs and vectors, and it will be important to know the host-pathogen dynamics in these populations to better understand transmission and persistence of Bd. Our results also confirm the broad host specificity of Bd ; the generalist nature of Bd may enable it to greatly reduce abundance and species richness of amphibian communities through disease-induced mortality (de Castro & Bolker 2005) .
Declines attributed to Bd in terrestrial and pool amphibians have rarely been reported (Daszak et al. 2003 , Bell et al. 2004 , although Bd has now been reported from many countries, habitats, and elevations where population declines have either not been observed (e.g. Ouellet et al. 2005) , not reported, or not attributed to Bd (e.g. Daszak et al. 2003 , Whitfield et al. 2007 .
In summary, our survey of Bd infection along 2 elevational transects shows that during an epizootic, prevalence is high at all elevations, in all habitats and in all species, but especially in species from > 500 m elevation and those inhabiting riparian habitats. Many species showed high levels of prevalence and subsequently declined by over 70% within a year of invasion by Bd (K. R. Lips unpubl. data); species most associated with riparian habitats had higher prevalence of Bd infection and suffered more severe population declines than those that were completely terrestrial. Once Bd becomes enzootic, prevalence declines and is highest in habitats where amphibians persist, primarily pools, puddles and terrestrial habitats. Further research is needed to understand how amphibian and pathogen ecology and evolution interact with environmental conditions to produce various levels of population response to infection by Bd. 
